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ABSTRACT 
PARTIAL CHARACTERIZATION OF THE ANTINEMATODAL AND ANTIFUNGAL 
DETERMINANTS IN A NOVEL STREPTOMYCES SP. 
SEPTEMBER 1993 
DAWEI YANG, B.A., SOUTH CHINA COLLEGE OF TROPICAL CROPS 
M.S., UNIVERSITY OF MASSACHUSETTS AMHERST 
Directed by: Professor Bert M. Zuckerman 
The cultural filtrate (CF) of a novel Streptomyces sp. as 
a potential biocontrol agent was studied to determine the 
antinematodal and antibiotic determinants against 
Caenorhabditis elegans and Rhizoctonia solani. Proteinase K 
treatment which eliminated proteins to a level undetectable 
by SDS-PAGE with silver staining did not affect the 
antinematodal and antifungal activities. Neutralized 
activated charcoal treatment decreased the antinematodal 
activity and eliminated the antifungal activity. The change 
of pH of the culture medium over 7 days from 5.5 to 7.6 did 
not influence the antinematodal activity. Antifungal 
activity was stronger at pH 7.6 than at pH 4.5. However, the 
pH itself again was not responsible for the antifungal 
activity. In chromatography study using glass distilled 
water as solvent, fractions with Rf of 0.1-0.29, 0.30-0.71, 
and 0.72-1 were responsible for 18.5%, 18.8%, and 29.5% of 
the antinematodal activity, respectively. The antifungal 
activity was lost after 5 h at 100 °C and the antinematodal 
iv 
activity was lost after 4 h at 45 °C or 0.5 h at 100 °C. The 
dilution end point of the CF for both the antinematodal 
activity was 2 folds and antifungal activity was 4 folds. 
The temperature at which CR-43 was grown affects the 
activities of the resultant CF. When grown at 20, 25, 30, 
and 37 °C, Cultures grown at 25 °C showed the greatest 
antinematodal and antifungal activities. 
v 
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INTRODUCTION 
A Streptomyces sp., designated CR-43, isolated from 
nematode suppressive soils in Costa Rica was shown to be a 
potential biocontrol agent for plant parasitic nematodes in 
laboratory, greenhouse and field experiments [Dicklow et 
al., 1993]. In the laboratory, the culture filtrates (CF) of 
CR-43 showed antinematodal and antifungal activities. A time 
course electrophoresis study showed that the antinematodal 
and antifungal products appeared in CF by the third day. The 
antinematodal determinant(s) were shown by dialysis to be of 
molecular weight greater than 6,000 [Zuckerman et al., 
1991]. The current studies were designed to further 
elucidate the properties of the antinematodal and antifungal 




Streptomyces sp.-antagonism and the production of antibiotic 
substances 
Streptomycetes are among the most commonly encountered 
and extensively studied antagonistic organisms. The study 
can be dated back to 1973 [Nakhimovdkaia, 1937]. Most of the 
early works primarily involved the isolation and testing of 
the antagonistic functions of the organisms against bacteria 
and fungi. Waksman et al. [1942] isolated and tested 244 
cultures of actinomycetes, most of which belonged to 
Streptomyces; of these, 155 showed antagonistic effects to 
different degrees. Lindner and Wallhausser [1955] isolated 
2,500 antagonistically active Streptomyces cultures from 
numerous soil samples. Of these, 77% were active against 
gram-positive bacteria, 40% against gram-negative bacteria, 
32% against mycobacteria, and 18% against fungi. Similar 
studies confirmed the widespread distribution of 
antagonistic Streptomyces sp. [Alexopoulos, 1941, 
Burkholder, 1946]. 
One of the mechanisms by which antagonism exhibits itself 
is the production of antibiotic substances. Organisms 
producing antibiotics were very common [Routien and Finlay, 
1952]. Actinomycetes producing streptomycin, streptothricin, 
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chloramphenicol, actinomycin, and xanthomycin-like 
substances have been found world-wide. Other early 
researches had similar results [Stessel et al., 1953, 
Linderfelser et al., 1964], 
Streptomyces sp., especially, have been found to produce 
a large number of antibiotic substances. Up to 1974, the 
detected number of antibiotics produced by Streptomyces was 
1934 and the number increased to 3477 in 1984 [Williams and 
Vickers, 1988], Despite the many efforts to obtain useful 
secondary metabolites from other genera, the capacity of 
Streptomycetes to produce antibiotic and other useful 
substances remains unsurpassed [Williams et al., 1981]. 
The antibiotic substances produced were once called 
toxins, lysins, or bacteriolysins. These substances vary 
greatly in their physical, chemical, and biological 
properties. Some are destroyed by boiling and by exposure to 
light; others are resistant to heat and to ultraviolet rays. 
Some are soluble in water; others are insoluble in water but 
soluble in special solvents. Some are highly toxic to 
animals while others are relatively nontoxic [Waksman, 
1967]. 
A large number of actinomycetes when grown on organic and 
on synthetic media have the capacity to produce various 
pigments and many of the antibiotics of actinomycetes are 
pigmented [Waksman and Lechevalier, 1962]. The pigments of 
actinomycetes were divided into three large groups: (1) red- 
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yellow, (2) red-blue, and (3) red-brown. Benedict [1953] 
proposed a system for classifying pigments that possess 
antimicrobial properties. Some antibiotics form pigmented 
compounds with metallic ions. The tetracyclines produce 
green compounds with copper and nickel and red compounds 
with ferrous and ferric iron. For example, an orange-colored 
prodigiosinlike antibiotic pigment was found by [Arcamone et 
al., 1957] in the cultures of S. ruber and S. roseo- 
diastaticus. The species that produce red-yellow pigments 
form both concentrated pigments and highly active 
antibiotics. The red-blue pigment producing species produces 
strong pigments but weak antibiotics. 
Certain general principles concerning the production of 
antibiotics by actinomycetes are recognized by Waksman 
[1967]: 
1. Some organisms produce more than one antibiotic. For 
example, S. rimosus forms oxytetracycline and 
rimocidin. 
2. Different strains of a single antibiotic-producing 
organism may form several antibiotics not even related 
chemically. For instance, S. griseus strains may 
produce streptomycin, streptocin, cycloheximide, 
grisein, and candicidin. 
3. A single strain may form several chemically related 
antibiotic substances. S. griseus produces 
mannosidostreptomycin and streptomycin; S. fradiae 
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yields nemine and neomycin B and C; S. vinaceus forms 
viomycin A, B, and C; and S, antibioticus forms 
various forms of actinomycin. 
4. The same antibiotic may be formed by different species 
often found in different parts of the world. 
Therefore, Morphological characteristics alone can not 
be used as a basis for identifying organisms producing 
a particular antibiotic. 
5. A change in the nutrition of the organism may result 
in a change in the nature of the antibiotic produced. 
6. Antibiotic-forming organisms are usually resistant to 
their antibiotics. Because of this, it is possible to 
isolate fresh cultures capable of producing a certain 
antibiotic, and to select, from a given culture, more 
potent strains, by incorporating the antibiotic in the 
isolation medium. 
The following procedures are generally used in the 
searching of antibiotics from microorganisms [Waksman, 
1967]. First, pure cultures are obtained through isolation 
and purification. Then they are tested with various 
organisms for their ability to inhibit the growth of 
microorganisms. The antibiotic cultures are then grown in 
liquid media for several days, and the antibiotic activity 
of the broths determined. After optimum conditions have been 
obtained, the active substance is isolated by the use of 
suitable physical and chemical procedures; it is then 
5 
concentrated, purified, and crystallized. The chemical 
substance thus isolated is studied for its chemical, 
physical, and antimicrobial properties. It should be noted 
that, however, a lack of correlation between the activity of 
the isolated substance and that of the broth may be due 
either to the presence of more than one antibiotic in the 
mixture or to a chemical modification of it in the process 
of purification. The isolated antibiotic is finally tested 
for toxicity and activity in experimental animals. 
For the actual production of the antibiotic, the culture 
is irradiated or treated with certain chemicals, replated, 
and mutated colonies are isolated. These are again tested 
for antimicrobial activity in an attempt to isolate more 
potent strains. 
The antibiotic is finally submitted to clinical or field 
evaluation. The therapeutic or the disease control 
potentialities of the freshly isolated antibiotic are 
thereby established. 
The nature of some important antibiotics of Strevtomyces sp. 
that have found application in the control of the diseases 
of human, animals, or plants 
The natures of some of the important antibiotics, as 
described by Waksman [1967], are briefly summarized below: 
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1. Actinomycins. The first representative of the 
actinomycin was isolated and crystallized from a culture of 
a soil actinomycete now known as S. antibiotics [Waksman and 
Woodruff, 1940]. The substance was highly effective against 
different microorganisms. Other preparations of this group 
were later isolated from cultures of different actinomycetes 
and designated by different letters, ranging from 
actinomycin B, C, D, to Z. The culture and the composition 
of the medium exert a marked effect upon nature of the 
actinomycin. 
Actinomycins are polypeptide linked to a chromophoric 
quinoid moiety. The polypeptide portion of the various 
actinomycins contain a variety of amino acids differing in 
their identity, arrangement, and number. Physical and 
chemical variations observed among various actinomycins 
appear to be caused by these differences. 
The actinomycins have a melting point of 215-255 °C. They 
are soluble in benzene, ethanol, and acetone; slightly 
soluble in water and ether; insoluble in aqueous dilute 
alkali and petroleum ether. All have peak absorption at 
about 440 to 450 m/x and about 240 m/x in ultraviolet light; 
many also show a peak at about 415-530 m/x. Actinomycins give 
a transient purple color in ethanolic NaOH and a dark red 
color in concentrated HC1. They are most stable at pH 6 to 
7, relatively stable at acid pH, and destroyed at alkaline 
pH. 
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2. Streptothricins. Streptothricin is a basic antibiotic 
isolated from a culture of S. lavendulae [Waksman and 
Woodruff, 1942]. It was found to possess highly desirable 
chemical and biological properties, and it offered promise 
of becoming an important chemotherapeutic agent. It was 
water-soluble and thermostable, active against various gram¬ 
positive and gram-negative bacteria and fungi. Although it 
was less toxic than actinomycin, it proved to be far more 
toxic than penicillin. 
Numerous other preparations were later isolated from 
cultures of S.lavendulae. Some were found to be the same as 
streptothricin; others were either closely related or 
comprised mixtures of different antibiotics. Various strains 
of S. lavendulae differ greatly in their antibiotic potency. 
"Streptothricin-like" antibiotics are relatively easy to 
obtain and isolate; about 70 such substances have been 
isolated and named or numbered. The chemical structure of 
streptomycin has been elucidated. It and related compounds 
are characterized by their amorphous hydrochlorides and 
sulfates, crystalline helianthates and/or reineckates, 
insolubility in organic solvents, and end-absorption in 
ultraviolet light. Some streptothricins have been further 
characterized by their reactions to qualitative organic 
tests, which vary greatly except for negative maltol and 
Sakaguchi reactions. 
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Streptothricin-like compounds include racemomycin B, 
streptoline, roseothricin, geomycin, all yielding on 
hydrolysis /3-lysine and 2-amino-4 (l-carboxy-l-hydroxy-2- 
amino) ethyl-2-imidazoline ("streptolidin", "roseonine”, or 
"geamine"). 
3. Streptomycins. Streptomycins were produced by S. 
griseus. It was found to be similar to streptothricin, in 
its physical, chemical and biological properties. It was the 
first antibiotic produced by actinomycetes to take a 
prominent place in the treatment of numerous infectious 
diseases of man, animals, and plants, especially in 
tuberculosis. 
Streptomycin is a strong base, belonging to the 
glucosides, in which a diguanido-group is linked to a 
nitrogen-containing disaccharide-like compound. A molecular 
weight determination on the trihydrochloride in water gave 
about 800 for the free base, after the necessary corrections 
for the chloride ion. One unit of streptomycin was found, as 
determined by its activity upon a standard strain of E.coli, 
to be equivalent to 1 /xg of pure base. On catalytic 
hydrogenation of streptomycin, two hydrogen atoms are added 
to the molecule, giving dihydrostreptomycin; this was 
isolated in crystalline form and its chemical nature 
determined. 
Streptomycin is active against a large number of 
pathogenic and non-pathogenic bacteria belonging to the 
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gram-negative, gram-positive, acid-fast, and spirochaetal 
groups. It is also active against certain plant-disease- 
producing fungi. It is not active against anaerobic 
bacteria, protozoa, viruses, and the majority of fungi. 
4. Neomycins. Waksman and Lechevalier [1949] first 
isolated neomycin from a culture of S. fradiae. Neomycin or 
closely related compounds were also found in culture 
filtrates of different other organisms. 
The neomycins are very similar to the streptomycins, but 
they do not contain guanido groups. As these antibiotics are 
made up of several chemical entities, the mixture was 
designated as the "neomycin complex". From this mixture, 
neomycins B and C were isolated. An antibiotically active 
degradation product, neomycin A or nemine, produced in the 
culture or by chemical hydrolysis, was also obtained. The 
ninhydrin and other color tests, as well as specific test 
bacteria, can be utilized for the separation of the various 
neomycins. 
Neomycin B is composed of 4 cyclic moieties, three of 
which have a carbon skeleton composed of six carbons and one 
of five carbons. Neomycin C is an isomer of neomycin B and 
is somewhat less active biologically. The difference between 
the two is in the diamino hexose, which is part of 
neobiosamine. 
A number of substances related to the neomycins were 
later isolated, notably kanamycin and paromomycin. They are 
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basic, stable, water-soluble compounds with a broad 
antimicrobial spectrum. 
5. Chloramphenicol. Isolated from S. venezuelae. The free 
base gives colorless needles or elongated plates; m.p. 149.7 
- 150.7°C or 144 -147 °C; sublimes without decomposition in 
high vacuum. It is very soluble in methanol, ethanol, 
butanol, propylene glycol, acetone, ether and amyl acetae, 
as well as in a number of other solvents. It is very 
slightly soluble in water (2.5 mg per ml at 25 °C) , acid, 
alkali, hot benzene, cold 5% sodium bicarbonate, and 
vegetable oils. Chloramphenicol is active against gram¬ 
positive and gram-negative bacteria and against rickettsiae. 
It was the first actinomycete antibiotic to be synthesized. 
6. Tetracyclines. The tetracyclines are amphoteric 
substances, forming crystalline hydrochlorides and sodium 
salts. Several forms are known. Chlortetracycline was 
isolated from S. aureofaciens, Oxytetracycline from S, 
rimosus, and tetracycline itself was obtained either by 
direct fermentation with S. aureofaciens of culture low in 
chlorides or by the chemical modification of 
chloramphenicol. They are active against gram-positive and 
gram-negative bacteria, rickettsiae, and the psittacosis- 
lymphogranuloma group of organisms. 
7. Macrolides. Basic compound, soluble in water, alcohol, 
and other organic solvents. Considerably active against 
gram-positive, some important gram-negative bacteria, 
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rickettsiae and some protozoa. The first macrolide 
antibiotic, erythromycin, was isolated from S. erythreus. A 
number of erythromycin-like compounds were isolated later 
and described as picromycin, magnamycin (carbomycin), 
oleandomycin, methymycin, and spiramycin. Erythromycin is 
the best known of the macrolides. It contains two sugar 
moieties-a neutral sugar, cladinose, and an amino sugar, 
desosamine. 
8. Novobiocin. Produced by S. niveus and by S. 
spheroides. It is an acidic antibiotic, the molecule of 
which consists of three moieties: a) a sugar, b) a 
substituted coumarin, and c) a substituted benzoic acid. The 
sugar, noviose, includes a methoxyl and a carbamate group. 
Novobiocin is active against Staphylococcus aureus and other 
gram-positive and some gram-negative bacteria. 
9. Vancomycin. Produced by S. orientalis. It is an 
amphoteric substance containing organic chlorine. It is 
soluble in water, dimethyl sulfoxide, dimethylacetamide, and 
other polar, water-miscible solvents; moderately soluble in 
aqueous methanol; and insoluble in organic solvents, other 
than those above. It forms salts with orange II, with methyl 
orange, and p-(p'-hydroxyphenyl) azobenzene-sulfonic acid. 
It is precipitated from an aqueous solution with 
phosphomolybdic or phosphotungstic acids and heavy metals. 
Ammonium sulfate and sodium chloride precipitate it from 
acidic solutions. 
12 
10. Cycloheximides. Produced by different species of 
Streptomyces and are active upon fungi, trichomonads and 
tumors. Cycloheximides represent a group of antibiotics 
containing a glutarimide moiety. The antifungal agent 
cycloheximide (Actidione) has been known for the longest 
time. Its molecule has four centers of asymmetry. It is 
highly active on a variety of plant pathogenic fungi at 
0.125 to 20 /ig/ml, including phycomycetes, ascomycetes, 
basidiomycetes, and Fungi Imperfecti. It is active on most 
of the alcoholic fermentations, but only slightly on 
respiration, and not at al on lactic fermentation. 
11. D-Cycloserine. Produced by different species of 
Streptomyces. Its chemical structure was identified as D-4- 
amino-3-isoxazolidone. It is active mainly against 
mycobacteria. 
12. Viomycin and other polypeptides. Viomycin was 
isolated from S. griseus var. purpureus. It is a strong 
basic polypeptide. Viomycin is active largely against acid- 
fast organisms but shows limited activity against gram¬ 
positive and gram-negative bacteria. 
Besides the well established antibiotics described above, 
other antibiotic substances against nematodes and fungi have 
been since isolated. A brief description of these follows. 
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Antinematodal antibiotics 
All the antinematodal antibiotics reported so far are 
mainly active against animal nematodes. 
Avermectins is a family of secondary metabolites having 
both antihelmintic and insecticidal activities [Burg et al., 
1979, Campbell et al. 1983]. They were contained in the 
culture broth of S. avermitilis. Avermectins were 
disaccharide derivatives of macrocyclic lactones. The 
activity against parasites of avermectins are exceptionally 
strong. Avermectins interfere with neurotransmission in many 
invertebrates. They do not inhibit protein synthesis nor are 
they ionophores. They have activity against both nematode 
and arthropod parasites in sheep, cattle, dogs, horses, and 
swine. The avermectins are closely related to the 
milbemycins, a group of non-glycosidated macrokides produced 
by S. hygroscopicus subsp. aureolacrimosus [Mishimia et al., 
1983]. 
Since the discovery of the avermectins, members of the 
structurally and functionally similar milbemycin family have 
been isolated from S. hygroscopicus subsp. aureolacrimosus 
[Takiguchi et al., 1980], S. cyaneogreseus subsp. 
noncyanogenus [Carter et al., 1988], Streptomyces sp. strain 
E225 [Hood et al., 1989], and S. thermoarchaensis [Ward et 
al., 1986]. 
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Hammann et al.[1990] found that dimethyloctahy- 
chroelaiophylin (compound 21) , an acyl derivative of 
elaiophylin (extracted from Streptomyces sp.) and its 3 
unsymmetric deglycosidation products were nematicidal 
against C. elegans at concentration of 100 ppm. 
The milbemycins, to which avermectins were closely 
related and discovered earlier by Sankyo researchers, also 
possess activity against worms and insects [Demain, 1988], 
The antibiotics from Streptomyces sp. that are active 
against plant-parasitic nematodes have not been reported in 
the literature. However, Mercer et al. [1992] reported that 
after treatment with chitinases from S. griseus, the eggs of 
Meloidogyne hapla became spherical with a concomitant 
increase in the number of dead juveniles. 
The fact that some Streptomyces sp. are active against 
plant- parasitic nematodes in nature are nevertheless 
established. In a survey of antagonists of nematodes in 27 
citrus groves, each with a history of Tylenchulus 
semipenetrans infestation, 70% of the citrus groves sampled 
contained a Streptomyces sp. that appear to be parasitic on 
both burrowing and citrus nematode [Walter et al., 1990], 
The Streptomyces sp. was recovered from dead burrowing 
nematodes and from citrus nematode egg masses. Nematode 
bodies were filled with a fine mycelium, and numerous spiral 
conidia spores that divided basipetally into small round 
conidia were produced from the cadavers. 
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Newly described antifungal antibiotic substances 
Two of the antibiotics, streptomycin and cycloheximides, 
have been used in the field for controlling plant 
pathogenic fungi. Some others have also been show to be 
active against fungi. A brief description of the antibiotics 
was given below. 
Candicidin is an aromatic polyene macrolide antifungal 
antibiotic produced by S. grisens IMRU 3570. Its structure 
contains an aromatic moiety (p-aminoacetophenone) and the 
rare aminosugar, mycosamine (3-amino-3,6-dideoxy-D- 
mannopyranose), attached glycosidically to the macrolide 
ring [Waksman et al., 1965]. 
Phosmidosine is another new antifungal nucleotide 
antibiotic produced by Streptomyces [Uramoto et al. 1991]. 
The antibiotic was isolated from the culture filtrate of a 
Streptomyces sp. The molecular formula was established as 
C16H24N708P. The UV spectrum resembled that of 8- 
Hydroxyadenosine. The antibiotic inhibited 
spore formation in Botrytis cinerea at 0.2 5 /xg/ml. 
Polyoxin was another antifungal antibiotic against 
Phytophthora capsici and P. parasitica [Lee et al. 1990]. It 
was purified from culture broths by ion exchange, 
adsorption, gel permeation and partition column 
chromatography. 
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Phoslactomycins A to F are new antifungal antibiotics 
produced by S. nigrescens SC-273 [Fushimi et al., 1989]. 
They were isolated from culture broth by butanol extraction, 
gel filtration and reverse phase chromatography. Physio- 
chemical properties and NMR studies were used to determine 
their structures. They were characterized by having a,|6- 
unsaturated <S-lactone, phosphate ester, conjugated diene and 
cyclohexane ring moieties. The structural difference between 
them was ascribed to a substituent bound to the cyclohexane 
ring. 
Phthoramycin was detected in culture broth of 
Streptomyces sp. WK-1875 [Omura et al., 1988]. It was active 
against Pyricularia oryzae (at 6.25 jxg/ml) and Phytophthora 
parasitica (at 1.56 ng/ml). The antibiotic also inhibited 
redish seedling growth. Its structural elucidation and 
biosynthesis were demonstrated using 13-C-labeled precursors 
and 'H-NMR spectroscopy [Nakagawa et al., 1989]. 
Tautomycetin extracted from S. griseochromogenes from a 
soil sample inhibited B. cinerea, Alternaria mali, P. 
oryzae, Collectotruchum lagenarium [C. orbiculare], 
Glomerella cingulata, Cochliobolus miyabeanus, R. solani, 
Fusarium oxysporum, Aspergillus niger and Penicillium 
chrysogenum in vitro and concentration as low as 25 jzg/ml 
gave good protection against cucumber grey mould (B. 
cinerea) in a pot test [Cheng et al., 1989], 
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Another antifungal antibiotic was extracted from the 
culture filtrate of the Streptomyces sp. and designated Ac- 
1. The MW as 53 6 and the molecular formula [Matsuyama 
1991]. This species was isolated from the surface of a pear 
leaf. It was strongly antagonistic in paired cultures with 
several plant pathogenic fungi, including P. oryzae, B. 
cinerea, Helminthosporium maydis [ Cochliobolus 
heterostrophus], H. oryzae [C. miyabeanus] and F. aroseum 
f.sp. cerealis. 
In summary, Streptomyces sp. have been found to produce 
some very useful antifungal substances, for some of which 
the molecular structures have been determined. The prodction 
of antinematodal substances against plant-parasitic 
nematodes, if any, is still unknown. The discovery of these 
substances and the characterization of them should be 
valuable as it is the necessary step for the large quantity 
production of new antibiotics against plant pathogenic fungi 
and plant-parasitic nematodes. It will also add to our 
understanding of the antagonism and may shed light on new 
ways for the biocontrol of plant diseases. 
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CHAPTER II 
MATERIALS AND METHODS 
Organisms 
The Streptomyces culture (coded CR-43) was stored in 
cryo-preservation buffer [Brenner, 1974] at - 80 °C. This 
culture was submitted to the American Type Culture 
Collection and determined of to be a novel species of 
Streptomyces. An application for a United States Patent 
has been submitted by Research Corporation Technologies, 
Tucson, Arizona under liscence from the University of 
Massachusetts describing CR-43 as a biological control agent 
for plant-parasitic nematodes. The culture filtrate (CF) was 
obtained by the following protocol. One hundred ul CR-43 in 
cryo-preservation buffer was inoculated into 100 ml Potato 
Dextrose Broth (PDB) medium in 250 ml flasks and grown on a 
rotary shaker at 100 rpm at ambient room temperature for 7 
days. The culture solution was filtered through #1 Whatman 
filter paper and then passed through a sterile 0.2 0 jum 
Nalgene disposable filter. The sterile CF was stored at -80 
°C and thawed at room temperature when needed for 
experiments. 
Caenorhabditis elegans used for the antinematodal assay 
was grown axenically in liver extract medium (LE) in small 
vials at 22 °C as described by Sayre et al. [1963]. Cultures 
19 
were maintained by transfer every 7 days to new liver 
medium. 
Rhizoctonia solani used for the antibiotic test was 
provided by M. J. Manning, Plant Pathology Department , 
University of Massachusetts/Amherst. 
The optimum temoarature for the production of the 
antinematodal and antifungal CF 
It was observed that the prodution of effective CF was 
greatly influenced by temperature at which cultures were 
grown. To determine the optimum temparature, CR-43 was 
cultured at 20, 25, 30, and 37 °C. Fifty jtil CR-43 in cryo- 
preservation buffer was inoculated into 50 ml Potato 
Dextrose Broth (PDB) medium in 125 ml flasks and grown on a 
rotary shaker at 100 rpm for 7 days. Because of the concern 
that light might have an effect on the production of the 
antibiotics, all flasks in which CR-43 was cultured were 
covered completely with aluminum foil. Bioassays and 
antibiotic tests were conducted to determine antinematodal 
and antifungal activities. In antinematodal bioassay, there 
were 4 different doses of CF in the ratio of CF/LE: 1/1, 
2/1, 4/1, and 8/1. In antifungal antibiotic tests, the CF/LE 
ratio was 4/1. 
To test the antinematodal activity, C. elegans was grown 
in LE containing the above treated CF in the ratio of the 
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CF/LE at 2/1. The experiment was carried out in sterile 24- 
well plates. About 20 worms were put into each well 
containing 1 ml of CF-LE. The nematodes were grown at 22 °C 
for 7 days, then three 50 /xl subsamples collected from each 
well and the number of worms counted to determine the effect 
of CF on reproduction. 
Antibiotic activity of CF was evaluated as follows: A 
plug of the fungus was placed at the center of a PDA medium 
plate, then CF and the appropriate controls were added into 
short plastic straw tubes planted in the PDA in such a way 
that the materials diffused into the medium gradually. The 
straw tubes were placed equidistant and 2.5 cm from the 
center of the plate. Two hundred ul of each test material 
was added into each straw tube, respectively. After 
incubation at 25 °C for 72 h, the zones of inhibition of 
fungal growth around the straw tubes were measured (See Fig. 
12) . 
Evaluating the thermostability of the active components of 
CF against C. elecrans and R. solani 
To test for thermostability, CF was exposed to 
temperatures 22 °C, 25 °C, 45 °C, 65 °C, and 100 °C for 0, 
0.5, 1, 2, 3, 4, and 5 h and then bioassayed for the 
antinematodal and antifungal activities. The control was the 
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PDB medium subjected to the same temperature and time 
treatments. The ratio of CF or PDB/liver medium was 2/1. 
Dilution end point for antinematodal and antifungal 
activities 
To determine the dilution end point for the antinematodal 
and antifungal activities, the CF was diluted with glass 
distilled water for 0, 1, 2, 4, and 8 folds. Bioassay and 
antibiotic tests were conducted to assess the loss of 
activity. The control was PDB medium diluted to the same 
degree. 
Molecular weight estimation of the antifungal determinants 
CF was dialyzed against PBS buffer, pH 7.0 for 7 h with 4 
changes of the buffer. The molecular weight cutoff of the 
dialysis membrane was 6,000-8,000. The volume of the CF 
after dialysis was measured and PBS buffer was added to 
bring the volume back to that before dialysis. A plug of R. 
solani was then placed in the center of a 9 cm plate 
containing PDA medium, 200 /zl of the dialyzed CF added 
sterilely to the plate in 8-25 /il aliguots with each droplet 
added at 3, 6, 9, and 12 O'clock and 2 cm from the plate 
center. Controls were undialyzed CF and PDB medium. 
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Oservation for the fungal growth Inhibitory zones wnn rn/vJo 
after 3 days at 25 °C (see Fig. 10). 
Fractionation of CF 
To determine if proteins are the ant 1nomatodaI nnd 
antifungal factors in the CF, attempts wore made to 
fractionate proteins in the CF. Ammonium sulfate (Sigma, 
molecular biology grade reagent) was added to CK-4'i culture 
filtrate to obtain precipitates at the ammonium sulfate 
concentrations of 20%, 40%, 60%, 80%, and 100% saturation. 
The following protocol was used. As the pretreatment, PBS 
buffer containing ethylenediamine tetra acetic acid (EDTA) 
(pH 7.0) was added to the CF to give a final concentration 
of 0.15 M Nacl, 0.10 M NaH2P04 and 0.05% EDTA. 
Phenylmethylsulfonyl fluoride (PMSF) in isopropanol was also 
added at the concentration of 0.5 mM. The amount of (NH4)2S04 
needed to give 20% saturation was calculated according to 
Scopes [1987]. The (NH4)2S04 was added to the pretreated 
culture filtrate and stirred for 10 min. The solution was 
stirred for another 30 min and then subjected to 
centrifugation at 10,000 x g for 15-20 min. The supernatant 
was decanted, its volume noted for the calculation of the 
amount of the (NH4)2S04 needed for the precipitation at the 
next higher concentration. The precipitates were redissolved 
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in small amounts of PBS pH 7.0 Buffer. The precipitation 
process was conducted at 2- 4 °C. 
Changes in protein concentration in the redissolved 
precipitates were monitored using the Pierce BCA protein 
assay. The specific protocol was as follows: the 
precipitates were redissolved in PBS buffer and each 
precipitate solution was divided into two parts. One part 
was kept on an ice bath and the other at room temperature. 
Samples were collected at 0, 30, 60, and 120 min for the 
assay. The room temperature protocol in the BCA assay was 
used. 
The precipitate solution was dialyzed against PBS buffer 
pH 7.0 for 72 h with 4 changes of the buffer. The molecular 
weight cutoff of the dialysis tube was 6,000- 8,000. The 
ammonium sulfate was monitored by barium chloride in HC1. 
Proteinase K treatment 
To evaluate if the antinematodal and antifungal factor(s) 
in CF were proteins, CF was subjected to proteolysis. 
Proteinase K (Sigma,cat# 1092766) was stored at a 
concentration of 1 mg/ml in 50 mM Tris-HCl, pH 8.0 
containing 1 mM CaCl2 at 0°C. The enzyme was added to CF at 
a final concentration of 100 jLtg/ml with 0.1 mM CaCl2 The 
solution was then incubated at 37°C for 1.5h in the first 
trial and for 17h in a second trial. After the treatment, 
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Antinematodal bioassay and antibiotic tests were carried 
out. Controls were the CF without proteinase K treatment, 
PDB with and without proteinase K treatment, and Proteinase 
K alone. 
Prior to antinematodal bioassay and antifungal tests, 
SDS-polyacrylamide gel electrophoresis was conducted to 
determine if the proteins in the CF have been removed by 
proteinase K. 
Pierce BCA protein assay room temperature protocol was used 
to determine the protein concentrations of the treated and 
untreated CF so that the same amount of proteins from the 
treated and untreated CF was used in running the same gel. 
Then the CFs were treated with SDS-mercaptoethanol and 
separated on 7.5% gel on a Hoefer SE 600 vertical slab unit 
as described by Laemmli [1970]. Proteinase K was also 
included as a controls. Silver nitrate staining was employed 
to detect bands on the gel. 
Activated charcoal treatment 
It was observed that CR-43 generally produced a yellow 
pigment in culture, and, when occasionally this yellow 
pigment was not present, the antinematodal and antifungal 
activities were absent. To find out whether the pigment was 
responsible for the antibiotic activities, activated 
charcoal was used to remove the pigment. If the activated 
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charcoal treatment did not remove the antibiotic activities, 
then the yellow pigment can be excluded as the responsible 
factor. Ten jLtl CF was treated with 0.5 g neutralized 
activated charcoal (Sigma) and then the yellow pigment was 
removed by passing the charcoal-treated CF through a 0.2 0 /xm 
sterile Nalgene filter. The charcoal was washed twice each 
with 10 ml glass distilled water in an attempt to remove any 
unfixed ingredients from the charcoal. The controls were PDB 
and H20 with the same charcoal treatment. The above 
solutions were subjected to bioassay against C. elegans and 
an antibiotic test against R. solani. 
Effects of pH on CF activity 
To determine changes in pH of the medium after culturing 
of CR-43 for 7 days and to evaluate its relationship with 
the antinematodal and antifungal activities, the pH values 
of CFs made in different time which showed different degree 
of effectivenesses in inhibiting the reproduction of C. 
elegans and the growth of R. solani were measured. Culture 
filtrates from 7 cultures were included in the study and 
coded according to the dates they were collected as belows: 
CF801, CF819, CF918, CF126, CF208, CF210L and CF210. After 
finding a trend that the higher the pH values, the more 
effective the CFs were with regard to their antinematodal 
and antifungal activities, the role of the pH was further 
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evaluated as follows: (1) lowering the pH of two CFs (coded 
CF918 and CF208) with the higher pH and higher activities to 
the same (pH 4.5) as that of the non-effective CF with 0.1 N 
acetic acid to determine if these two CFs reduce or lose 
their antinematodal and antifungal activities and (2) 
raising the pH of two CFs (coded CF819 and CF126) to pH 7.6, 
the pH of the effective CF, with 0.4 N KOH to determine if 
the CF819 and CF126 increases or gained antinematodal and 
antifungal activities. 
Thin layer chromatography 
Silica gel slurry was prepared by mixing the gel with 
glass distilled water at the ratio of 20 g silica gel / 40 
ml water. The plates were run ascendingly in a covered tank 
whose sides were lined with filter paper at ca 24 °C in 
diffusing light. Orcinol ferric chloride (Sigma), ninhydrin 
(Sigma), bromcresol green (Sigma) and rhodamine B (Sigma) 
were used to detect sugars, amino acid and amines, organic 
bases and acids, and lipids respectively. The first effort 
was to find out a suitable solvents to separate the 
components of the CF into distint fractions. In the first 
effort, micro-plates of silica gel were prepared with 51 x 
23 mm glass slides or 75 x 51 mm glass by the methods 
described by Motl and Novotny [1966] and used. CF and PDB 
medium control were applied as spots onto the same plate in 
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an attempt to detect the differences in the separated 
patterns between CF and PDB. 
The following types of plate development were tried. 1). 
Single phase development, in which the plate was developed 
by only one solvent; 2). Multiple development, in which the 
plates were first developed to a certain distance by two or 
more solvents with the first solvent developed to a certain 
distance and the subsequent solvent to further distances; 
3). Two dimensional development, in which a plate were 
developed by one solvent and then the plate was reversed 90° 
before developed by another solvent. 
For single phase development, the following solvents or 
combination of solvents were tried: Water, 70% Acetone, 
Acetone, benzene, ethanol, methanol, 2-propanol-methanol- 
acetic acid-water (1:1:1:1, 1:1:2:2), methylene-ethyl 
acetate-acetic acid-water (1:1:1:1, 1:1:2:2), Ethyl acetate- 
acetic acid-methanol (1:1:3), ethyl acetate-acetic acid- 
water (2:1:1, 2:2:1, 1:2:1, 10:2:1), ethyl acetate-methanol- 
acetic acid-water (12:3:3:2), ethyl acetate-2-propanol- 
acetic acid-acetonitrile-water (1:1:1:1:1), 1-butanol-acetic 
acid- water (4:1:5), acetic acid -water (15:85), benzene- 
acetic acid-methanol (1:1:3) with plates impregnated with 
0.1 N boric acid, ethyl acetate-2-propanol-water (130:47:23) 
and ethyl acetate-ethanol-water (130:47:23) with plates 
impregnated with 0.02 M sodium acetate. Water, water- 
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acetic (1:1) were tried with 0.1 N KOH impregnated plates 
and also in Wedged-tips technique [Stahl, 1965]. 
In multiple development, the following combination of 
solvents were used: Water- water,water-acetic, acetic acid- 
water, acetic acid-acetic acid, acetic acid -water-acetic 
acid, acetic acid-ethyl acetate, ethyl acetate -acetic acid, 
ethyl acetate-water, ethyl acetate -acetic acid-water, 
ethanol-acetonitrile, ethanol-acetonitrile-water, ethanol- 
acetic acid-acetonitrile, 2-propanoll-ethanol-acetonitrile- 
water, 2-propanol-acetic acid-water, 2-propanol-acetic acid- 
methanol-water, 2-propanol-ethanol-acetic acid- 
water ,acetone-ethanol-methanol-water, 2-propanol-ethanol- 
acetonitrile, methanol-water, 2-propanol-methanol, and 
hexane-ethyl acetate-acetic acid-water. 
For two dimentional development the following were 
tested: Water-methanol-acetic acid (1:1:1) (1st dimension)— 
-water-2-propanol (1:1) (2nd dimension), 2-propanol- 
methanol-acetic acid-water (2:2:1:1) (1st dimension)-water 
(2nd dimension) and 2-propanol-methanol-acetic acid-water 
(2:2:1:1) (1st dimension)-ethyl acetate (2nd dimension). 
Because it was found out that none of the above 
techniques and solvents can separate the components of the 
CF satisfactorily in the first effort, glass distilled water 
was used as the solvent in the subsequent study for its 
predicted minimum adversed effect on the antibiotic CF. 
Glass plates of the size 22.5 x 22.5 cm were used in 
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subsequent runs to separate the cultural filtrate into 
components. Five hundred /il of the CF and 500 ^1 PDB were 
applied onto a plate as a strip line with capillary tubes, 
CF and PDB each on one side of the plate with a 1.5 cm space 
betweem them. The solvent was run up to 7 cm and then the 
development was stopped. The plate was air-dried and the 
part of the plate that had been run through by the solvent 
divided into 4 parts as follows: 1) The origin; 2) A 2 cm 
strip immediately above the origin; 3) A3 cm strip next to 
the 2nd part; and 4) A 2 cm strip next to the 3rd part 
including the front edge of the solvent development. The 
yellow pigment was visible in the 4th part. These 4 parts 
were scraped off and extracted with glass distilled water, 
filter- sterilzed, and then subjected to the antifungal 
antibiotic test and antinematodal bioassay to determine in 
which part the antibiotics resided. The antinematodal 
bioassay was conducted in 96-well plates, each well has a 
maximum capacity of 0.3 ml. Approximately 15 worms were 
added into each well. The final concentration of the 
fractions in antifungal test was one half of the original. 
The final concentrations of the fractions in antinematodal 
tests ranged from 1/4 to 4/9 of the original depending on 
the CF/LE ratios. All these concentration did not exceed the 
dilution end point of the antinematodal and antifungal 




Optimum temparature for the production of the antinematodal 
and antifungal CF 
The optimum temperature for both the production of 
antinematodal and antifungal CF is 25 °C. For antinematodal 
activity, CF produced at 25 °C yields the least nematode 
number (Table 1). At all four CF/LE ratios, CF produced at 
25 °C gave the greatest reduction in nematode number (Fig. 
1) . For antifungal activity, CF produced at 25 °C showed the 
largest inhibition zone (Table 2, Fig. 2). 
Thermostability of the activities of CF against C. eleaans 
and R. solani 
The antinematodal and the antifugal activity decreased 
with the increase of the temperature and exposure time. For 
antinematodal activity, the loss of the activity was 
determined by comparing the number of nematodes between CF 
and PDB control treatment. If the number of nematode in CF 
was not significantly differ from that in PDB, then the 
activity was judged to be completely losed. The 
antinematodal activity was lost after 4 h at 45 °C or after 
0.5 h at 100 °C (Table 3, 4, 5, Fig. 3). The antifungal 
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activity was lost after 5 h at 100 °C (Table 6, Fig. 4, 5, 
6, 7). 
Dilution end point for the antinematodal and antifungal 
activities 
Antinematodal activity was retained to a dilution of one 
fourth of its original concentration (Table 7, Fig. 8). The 
antifungal activity was retained up to a dilution of one 
eighth of the original concentration (Table 8, Fig. 9). 
Molecular weight estimation of the antifungal determinants 
Antibiotic activity was lost when CF was dialyzed with 
6,000-8,000 mw cutoff membrane as shown by an absence of 
growth inhibition of R. solani in dialyzed CF whereas 
undialyzed CF showed high activity as indicated by zones of 
inhibition (Fig. 10). These results indicated that the 
antifungal factor(s) was concentrated at low molecular 
weight levels. 
Fractionation of CF 
Precipitates were obtained by precipitation at all the 
concentrations tested (20%,40%, 60%, 80% and 100% satura¬ 
tion) . The most precipitations occurred at 40%, 60% and 80% 
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saturation. When tested for proteolytic enzyme activities, 
the result showed that over a period of 120 min, the protein 
concentrations in the redisolved precipitates did not change 
(Table 9-15). This indicated that there was no proteolytic 
enzyme activities in the precipitates obtained by ammonium 
sulfate precipitation. 
The ammonium sulfate could be effectively removed from 
the precipitates after dialysis against PBS buffer (pH 7.0) 
for 72 h., as monitored with BaCl2 in HC1. 
Since at this point during the experiment, it had 
approved by the following proteinase k experiment that 
proteins were not responsible for the antibiotic activities, 
further fractionaction of CF was not continued. 
Proteinase K treatment 
Proteinase K-treated CR-43 CF developed no bands while 
the untreated CF showed bands on the gel (Fig. 11). The 
result indicated that, after the treatment, proteins in the 
culture filtrate were reduced to a level below that could be 
detected by silver staining. 
Proteinase K treatment did not significantly (P=0.05) 
affect the antinematodal activity of the CF (Table 16). The 
reduction of the nematode number before the treatment was 
96% while that after the treatment was 96.8%. These results 
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suggested that the proteins observed in CF were not 
responsible for the antinematodal activity. 
After treatment with proteinase K, CF showed no loss of 
antibiotic activity against R. solani (Fig. 12). The 
inhibitory zones of treated and untreated CF to fungal 
growth had the same semi-diameter of 0.5 cm. All the other 
controls produced no inhibition zone. These results 
indicated that the proteins observed in CF were not 
responsible for the antifungal activity. 
Activated charcoal treatment 
After charcoal treatment, CF showed a significant (P= 
0.05) decrease in antinematodal activity (Table 17, Fig. 
13). Using PDB medium as control, CF without the treatment 
showed a 92.7% of reduction in nematode number whereas CF 
with the treatment showed only a 55.4% reduction in nematode 
number. Using the H20 as control, CF without the treatment 
exhibited a 89.9% reduction in nematode number whereas CF 
with the treatment exhibited only 69.9% reduction in 
nematode number. Both PDB medium and H20 are not perfect 
control in that PDB will still possess some molecules which 
are used up or changed by CR-43 and therefore not present in 
the CF and H20 will lack the molecules present in the PDB 
medium. Therefore, it is difficult to determine which 
control gave more accurate result. However, the results 
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using both controls did indicate a decrease in the 
antinematodal activity after the charcoal treatment. 
Treatment with activated charcoal resulted in the loss of 
antibiotic activity in CF as determined by the lack of 
inhibition zone (Fig. 14). However, activated charcoal might 
also absorb other molecules besides the yellow pigment, A 
link between the yellow pigment and the antifungal activity 
can be be established by this experiment. 
Effects of pH on CF activity 
The pH of the CF made from different batches of cultures 
differed (Table 18). With the exception of CF415, all the 
CFs showed an increase in the antinematodal activity with an 
increase in the pH values towards the alkaline side (Fig. 
15) . The antifungal activity, however, did not show the same 
relationship between the pH values and the activity (Fig. 
16) . After adjusting the pH value by lowering the pH of the 
effective CFs to that of the non-effective CFs and raising 
the pH of the non-effective CFs to that of the effective 
CFs, the antinematodal activity did not change (Table 19). 
This indicated that pH had no effect on the antinematodal 
activity of CF. For the antifungal activity (Table 20, Fig. 
17) , three results were obtained: (1) after lowering the pH 
values of the two effective CFs (CF918 and CF208), the 
activity decreased about 50% as measured by the semi- 
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diameter of the inhibition zones against the growth of the 
R. solani; (2) raising the pH of the non-effective CF (CF819 
and CF216) did not produce the antifungal activity; and (3) 
PDB medium with lowered or raised pH values did not showed 
antifungal activity. These results suggested that pH alone 
did not influence the antifungal activity. The antifungal 
factor performed better in pH 7.6 than in pH 4.5. 
Thin layer chromatography 
None of the development techniques and solvents or 
combinations of solvents tried gave satisfactory separation 
of CF. 
For fractions using glass distilled water as solvent, 
Fractions with Rf of 0.1-0.29, 0.30-0.71, 0.72-1 were 
responsible for 18.5%, 18.8%, and 29.5% of the antinematodal 
activity (Table 21, Fig. 18, 19). Approximately 34% of the 
antinematodal activity were not demonstrated. The CF sample 
line (Rf=0) did not show an inhibition of the reproduction 
of the nematode. Yellow pigments appeared in the fraction 
with a Rf of 0.72-1. 
The antifungal activity was loss after chromatography. 
For all fractions, no inhibition zone against the growth of 
R. solani was shown. 
36 
Table 1 
Inhibition of C. elegans with cultural filtrate (CF) 
produced at 4 temperatures tested at 4 CF/Liver 
extract medium (LE) ratios 
Temperatures Nematode# at 4 CF/LE ratios1 
(°C) (Mean ± SEM) 
1/1 2/1 4/1 8/1 
20 49±1.6 b 1512.3 a 410.5 a 110.3 a 
25 3611.7 a 610.8 b 310.3 a 110.3 a 
30 5212.5 b 5211.5 c 2911.8 b 1711.3 b 
37 5312.7 b 6112.2 d 3511.4 c 3313.1 c 
PDB 7413.2 c 7214.7 e 5813 d 5011.3 d 
1. Average nematode number in a 25 fjl subsample from 12 
observations. Figures followed by different letter differ 
























Fig. 1. Inhibition of C. elegans with cultural filtrates 
produced at 4 temperatures tested at 4 cultural 
filtrate/liver extract medium dose ratios. 
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Table 2 
Inhibition of R. solani with cultural filtrates produced 
at 4 temperatures 
Temperatures (°C) Inhibition radius (cm)1 
20 0.24 ± 0.04 b 
25 0.4 ± 0.04 a 
30 0.16 ± 0.03 b 
37 0 c 
PDB control 0 c 
1. Average inhibition radius from 10 observations. Figures followed 


















Fig. 2. Inhibition of R. solani with cultural filtrates 
produced at 4 temperatures. Error bars represent SEM. 
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Table 3 
Inhibition of C. elegans with cultural 
filtrate (CF) treated at 22 °C for 
different time durations 
Nematode# (Mean±SEM)‘ 
Testing 
Time exposed (h) 







5±0.9 a 3±0.8 a 





9 ±1.2 a 
16± 1.0 b 
Average nematode number in a 25 /d subsample from 12 observations. 
Figures followed by different letter within a column differ at P=0.05 level. 
Means separated by Tukey’s procedure. 
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Table 4 
Inhibition of C. elegans with cultural 
filtrate (CF) treated at 45 °C for 
different time durations 
Testing 
Nematode# (Mean±SEM)1 
Time exposed (h) 
materials 0 0.5 1 2 3 4 5 
CF 7±0.6 a 3±0.6 a 3±0.5 a 5±0.9 a 4±0.9a 4±0.9a 8± 1.5 a 
PDB 26±2.0b 12±1.2b 13 + 1.2 b 11 ±1.1 b 9±0.9b 12 + 1.4 b 10±1.3a 
*. Average nematode number in a 25 /d subsample from 12 observations. 
Figures followed by different letter within a column differ at P=0.05 level. 
Means separated by Tukey’s procedure. 
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Table 5 
Inhibition of C. elegans with cultural 
filtrate (CF) treated at 100 °C for 
different time durations 
Nematode# (Mean±SEM)‘ 
Testing 
Time exposed (h) 
materials 0 0.5 1 2 3 4 5 
CF 
PDB 
7±0.6 a 7±0.8 a 
26±2.0b 19±1.5b 
11 ±2.6 a 10±1.7a 10+0.9 a 
15±2.4 a 16±2.9 a 12±1.6a 
14±1.3 a 10±1.0 a 
11 ±1.0 a 11 ±1.0 a 
'. Average nematode number in a 25 ^1 subsample from 12 observations. 
Figures followed by different letter within a column differ at P=0.05 level. 





















Time exposed (h) 
Fig. 3. Inhibition of C. elegans with cultural filtrate 
treated at 3 temperatures for different time durations. 
44 
Table 6 
Inhibition of R. solani with cultural filtrate treated 
at 4 temperatures for different time durations 
Inhibition radius (cm) (MeanlSEM)1 
Treatment 
intervals temperatures (°C) 
(h) _ 
22 45 65 100 
0 0.62±0.08 a 0.62±0.08 a 0.62±0.08 a 0.6210.08 a 
0.5 0.63±0.06 a 0.74±0.09 a 0.33±0.05 ab 0.5610.10 ab 
1 0.33±0.04 be 0.71±0.05 a 0.36±0.04 ab 0.4810.11 abc 
2 0.55±0.08 ab 0.43±0.07 a 0.3510.04 ab 0.3510.12 abed 
3 0.49+0.04 abc 0.53±0.07 a 0.4510.14 ab 0.2210.07 bed 
4 0.29±0.04 be 0.48+0.05 a 0.3410.07 ab 0.1410.06 cd 
5 0.24±0.03 c 0.49±0.10 a 0.2810.06 b 0.0810.04 d 
1. Average inhibition radius from 10 observations. Figures followed 
by different letter within column differ at P=0.05 level. Means 
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Fig. 4. Inhibition of R. solani with cultural 


















Fig. 5. Inhibition of i?. solani with cultural filtrate 
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Fig. 6. Inhibition of R. solani with cultural 





Time exposed (h) 
Fig. 7. Inhibition of R. solani with cultural filtrate 








materials Dilution folds 
0 2 4 8 
CF 8±0.8 a 29±1.6 a 38±3.3 a 42±3.8 a 
PDB 49±2.9 b 54±3.1 b 42±1.8 a 41±3.3 a 
1. Average nematode number in a 25 jul subsample from 12 
observations. Figures followed by different letter within 


























Dilution end point for antifungal activity 
of cultural filtrate 
Dilution folds Inhibition radius 
(Mean ± SEM) 
i (cm)1 
0 0.67 ± 0.09 a 
2 0.27 ± 0.08 b 
4 0.05 ± 0.05 c 
8 0 d 
PDB 0 d 
1. Average inhibition radius from 10 observations. 
Figures followed by different letters differ at 






















Fig. 10. Molecular weight estimation of the antifungal 
determinant: inhibition zones against R. solani caused by 
whole cultural filtrates (A, C) was compared to lack of 
inhibition of dialyzed filtrate with compounds less than 
6,000 MW removed (B, D). 
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Table 9 
Protein concentrations of redissolved precipitate 
obtained at 20% saturation ammonium sulfate over time.1 
Time (minutes) 
0 30 60 120 
Temperature _ 
[] @ [] @ N @ [] 
room temp. 0.465 870 0.440 840 0.456 860 0.489 890 
on ice 0.425 830 0.396 800 0.406 810 0.425 830 
1. the absorbance reading at 562 rim. 
[]: the protein concentration in /jg/ml. 
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Table 10 
Protein concentrations of redissolved precipitate 
obtained at 40% saturation ammonium sulfate over time.1 
Time (minutes) 
Temperature 
0 30 60 120 
@* [] @ [] @ [] @ [] 
room temp. 0.563 950 0.534 930 0.512 910 0.563 950 
on ice 0.557 950 0.526 930 0.522 920 0.554 940 
1. the absorbance reading at 562 nm. 
[]: the protein concentration in /jg/ml. 
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Table 11 
Protein concentrations of redissolved precipitate 
obtained at 60% saturation ammonium sulfate over time.1 
Time (minutes) 
Temperature 
0 30 60 120 
@* U @ [] @ [] @ [] 
room temp. 0.595 990 0.575 970 0.576 970 0.589 980 
on ice 0.561 950 0.541 940 0.546 940 0.559 950 
1. the absorbance reading at 562 nm. 
[ ] s the protein concentration in /jg/ml. 
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Table 12 
Protein concentrations of redissolved precipitate 
obtained at 80% saturation ammonium sulfate over time.1 
Time (minutes) 
0 30 60 120 
Temperature _ 
<a* [] @ [] @ [] @ [] 
room temp. 0.479 880 0.449 850 0.440 840 0.468 870 
on ice 0.474 870 0.444 840 0.448 850 0.468 870 
1. the absorbance reading at 562 nm. 
[]: the protein concentration in /ng/ml. 
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Table 13 
Protein concentrations of redissolved precipitate 
obtained at 100 % saturation ammonium sulfate over time. 1 
Time (minutes) 
Temperature 
0 30 60 120 
@* n @ [] @ n @ [] 
room temp. 0.450 860 0.446 850 0.467 870 0.461 860 
on ice 0.434 830 0.433 830 0.439 840 0.453 850 
1. the absorbance reading at 562 nm. 
[]: the protein concentration in /ig/ml. 
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Table 14 
Protein concentrations of supernatant at 100 % saturation 
ammonium sulfate over time. 1 
Time (minutes) 
0 30 60 120 
Temperature _ 
@* [] @ [] @ U @ [] 
room temp. 0.406 810 0.393 800 0.403 800 0.411 810 
on ice 0.400 800 0.391 790 0.392 790 0.394 790 
1. the absorbance reading at 562 nm. 
[]: the protein concentration in /jg/ml. 
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Table 15 
Protein concentrations of unfractionated whole culture 





0 30 60 120 
@* [] @ N @ (] @ [] 
0.654 1040 0.516 920 0.621 1010 0.637 1030 
0.624 1010 0.530 930 0.600 990 0.621 1010 
1. the absorbance reading at 562 nm. 




Fig. 11. SDS-PAGE of CR-43 cultural filtrate (CF) treated or 
untreated with proteinase K. (A) untreated CR-43 CF, (B) 
CR-43 CF treated with proteinase K, (C) proteinase K. 
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Table 16 
Effects of proteinase k-treated and untreated cultural 
filtrate (CF) on the reproduction of C. elegans 
Treatments Nematode# in a 50 nl subsample1 
(Mean ± SEM) 
CF + H20 7 ± 1 a 
CF + Buffer 6 ± 1 a 
CF + Proteinase K 
+i 
in 1 a 
PDB + Buffer 187 + 7 b 
PDB + Proteinase K 113 + 12 c 
Proteinase K 102 + 3 c 
Buffer 107 + 4 c 
H20 216 + 11 b 
PDB + H20 260 + 9 d 
1. Means from 12 subsamples. Figures followed by different 





Fig. 12. Inhibition zones against R. solani produced by (A) 
proteinase k-treated and (C) untreated cultural filtrate as 
compared with lack of inhibition of (B) proteinase K-treated 
and (D) untreated PDB medium. 
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Table 17 
Effect of activated charcoal treatment on the 
antinematodal activity of cultural filtrate (CF) 
Treatments Nematode#(MeantSEM)1 
CF 26 ± 5 a 
CF + Charcoal 82 ± 23 b 
PDB 358 ± 79 c 
PDB + Charcoal 184 ± 35 d 
H20 258 ± 52 e 
H20 + Charcoal 272 ± 33 e 
1. Means from 12 subsamples. Figures followed by 
different letters differ at P=0.05. Means 




Fig. 13. Effect of activated charcoal treatment on the 





Fig. 14. Effect of activated charcoal treatment on the 
antifungal activity of cultural filtrate (CF). (A). 
untreated CF, (B). treated CF, (C, E). untreated PDB, 
(D, F). treated PDB. 
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Table 18 
pH values of PDB and cultural filtrates (CF) made from 
different batches of cultures 
Culture batch CF code PH 
09/18/92 CF918 8.1 
02/10/93 CF210 7.6 
02/08/93 CF208 7.6 
08/19/92 CF819 4.9 
02/10/93(2) CF2102 4.6 
01/26/93 CF126 4.5 
PDB 5.0 
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Fig. 15. The trend between pH of cultural filtrates and 



















Fig. 16. pH of culture filtrates and their inhibition of R. 
solani 
Table 19 
Effect of pH on the antinematodal activity of cultural 
filtrates (CF) 
CF PH Nematode# (meaniSEM)1 
CF126 4.5 (original) 61 ± 3.6 a 
7.6 (adjusted) 51 + 2.3 a 
CF819 4.9 (original) 54 + 2.3 a 
7.6 (adjusted) 56 + 3.4 a 
CF918 8.1 (original) 22 + 1.9 b 
4.5 (adjusted) 21 ± 1.7 b 
CF208 7.6 (original) 33 + 2.7 b 
4.5 (adjusted) 28 ± 3.4 b 
PDB 5.0 (original) 55 + 3.5 ac 
4.5 (adjusted) 59 + 3.0 ac 
7.6 (adjusted) 41 ± 3.3 ac 
H20 7.1 (original) 61 ± 5.5 a 
4.5 (adjusted) 60 ± 2.9 a 
7.6 (adjusted) 57 + 3.6 a 
1. Average nematode number in a 25 ju 1 subsample from 12 
observations.Figures followed by different letter differed 
at p=0.05 level. Means separated by Scheffe's method. 
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Table 20 
Effect of pH on the antifungal activity of cultural 
filtrates (CF) 
CF PH Inhibition radius (cm)1 
CF819 4.9 (original) 0 
7.6 (adjusted) 0 
CF918 8.1 (original) 0.2 ± 0.08 a 
4.5 (adjusted) 0.03 ± 0.03 b 
CF208 7.6 (original) 0.74 ± 0.07 a 
4.5 (adjusted) 0.39 ± 0.03 b 
PDB 5.0 (original) 0 
4.5 (adjusted) 0 
7.6 (adjusted) 0 
H20 7.1 (original) 0 
7.6 (adjusted) 0 
4.5 (adjusted) 0 
1. Average inhibition radius from 10 observations. Figures 
followed by different letter within the same column differ 



























E3 pH adjusted to 4.5 
H original pH (>7.6) 
CF208 CF918 




Inhibition of C. elegans with cultural filtrate (CF) 





materials 0 0-0.29 0.29-0.71 0.71-1 
CF 4±0.7 a 52±1.9 a 3512.1 a 3612.0 a 3413.6 a 
PDB 4512.1 b 4011.5 b 4312.3 b 4312.7 b 4712.1 b 
1. Average nematode number in a 25 /u 1 subsample from 12 observations. 
Figures followed by different letter within a column differ at P=0.05 
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Nematode# 
Fig. 18. Inhibition of C. elegans with cultural filtrate 





























Fig. 19. Inhibition of C. elegans with cultural filtrate 
fractions of Rf 0.1-0.29, 0.30-0.71, and 0.72-1 as compared 





Since the removal of the yellow pigment resulted in a 
total loss of the antifungal activity and partial loss of 
the antinematodal activity, the yellow pigment is a possible 
factor in determining the antinematodal and antifungal 
activities. However, the unspecific absorbance of the 
activated charcoal make it difficult to infer a definite 
link based solely on the experiments with activated 
charcoal. In any case, the yellow pigments were not to be 
counted for all the antinematodal activity since the removal 
of the yellow pigment from CF resulted in only a partial 
loss of the antinematodal activity. 
Results from this study suggest that the pH of the CF be 
excluded from being a factor in determining the 
antinematodal and antifungal activities. However, this 
conclusion is not conclusive. Although pH of the CF changes 
easily, which seems to suggest that CF is not in buffer 
condition, it needs to be proved experimentally. If CF is in 
buffer condition, then change of pH by adjustment as 
measured in this study does not necessarily mean that the pH 
of CF buffer changes. Molecular weight estimation of the 
antifungal determinants indicates that the determinants were 
concentrated at low molecular weight level. The exact 
molecular weight was suggested to be less than 8,000. This 
77 
exact cutoff, however, still needs to be further confirmed 
since this molecular weight cutoff point of the membrane 
used in the experiment was stated by the membrane producer 
but not confirmed experimentally at the time the experiments 
were conducted. 
One of the control used in this study is the PDB medium 
in which CR-4 3 is grown and the CF derived. Although this 
can be expected to be the best control in this study, it is 
far from ideal. Some of the ingredients of the PDB will be 
used up or decreased in concentration or even changed 
chemically by CR-43. Therefore, besides the difference in 
the presence and absence of antibiotic determinants, some 
other ingredients will also differ between CF and PDB. This 
complication might be responsible for the variation in 
results throughout the study, especially in those cases 
where results for treated PDB and untreated PDB differed 
significantly, as in the case of proteinase k and activated 
charcoal treatment. 
For further characterization of CF, creteria by which CF 
made at different time can be compared needs to be set. 
Solidity of the solution could be a choice. Since the 
darkness of the yellow color of the solution seems to be 
positively linked to antibiotic effectiveness of the CF, as 
observed by the author, it can also be considered as the 
creteria. 
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Even if treated with CF at its full strength, a small 
number of nematodes is still alive by the time the results 
were obtained. This raises a question whether these survived 
nematodes are resistant nematodes, a question important in 
the sense of biological control. The size of these surviving 
nematodes seems to be smaller than the nematodes added, 
which suggests that these are not the resistant nematodes 
from the initial inoculum but the offsprings of the 
nematodes added in the beginning of the experiment. Exact 
experiment data are needed to reach a definite conclusion on 
this issue. 
Results from the study on optimum temperature for the 
production of antibiotic CF will be helpful for future 
studies since it ensure the production of effective CF 
everytime. 
Results of the dilution end point study will be helpful 
to determined the concentration of CF to be used in further 
study so that the final concentration of the CF will not 
exceed the 
active dilution limits. It also suggests the use of hihg 
concentrated CF for further studies since both the dilution 
end points for both antinematodal and antifungal activities 
are not high. The dilution effect might be responsible for 
or contribute to the missing 34% of the antinematodal 
activity and the loss of the antifungal activity in thin 
layer chromatography. 
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Further characterization can be best started with the 
active fractions, especially the fraction of Rf 0.72-1 which 
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